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This report summarizes the activites of the Decision Sciences 
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by the Laboratory scientists in the past two years. 
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ABOUT THE DECISION SCIENCES LABORATORY 

General Definition 

The Decision Sciences Laboratory (DSL) is a laboratory concerned 

primarily with the behavior of man in complex military environments 

involving the presentation and processing of information.    It is a lab- 

oratory especially interested in exploring, defining, and effecting the 

most efficient interaction between man and machines in Military Infor- 

mation Systems currently in use or anticipated by the United States 

Air Force and related Department of Defense agencies. 

DSL is an Air Force organization, directed by an Air Force officer, 

and its mission is totally military.   As a military organization, however, 

it is unique in that the professional staff is approximately 68 percent 

civilian.    The predominant scientific dicipline of the staff is psychology, 

but is augmented by electronic engineering, mechanical engineering, 

mathematics, psycholinguistics, and operations analysis.    The academic 

achievement level of the professionsals is, in almost every case, well 

beyond the Master's Degree. 

In the organizational structure, the laboratory is a component of the 

Electronic Systems Division (ESD), and is directly under the Deputy for 

Engineering and Technology.    ESD, along with several related facilities, 

form the complex of technological activities on and in the environs of 

L.   G.   Hanscom Field, Bedford, Massachusetts.    Approximately eight 

thousand people are employed by ESD, which is a major branch of the 

Air Force Systems Command (AFSC), one of the major Air Force 

Commands. 

Mission 

The Decision Sciences Laboratory initiates exploratory development 

programs; that is, it estimates and examines future operational require- 

ments of the Air Force, primarily in the area of information processing 

systems, and determines from such investigation and consideration the 



implications for man-machine interaction.   Attempts to fill critical gaps 

in knowledge about human performance which become evident by this 

process are made through exploratory development projects under each 

program.    Most of the experimental work on these projects is conducted 

at the laboratory, although it is sometimes expedient to carry on certain 

portions through contracts negotiated with particular industries or academic 

institutions where critical or otherwise unavailable facilities can be uti- 

lized.    DSL is also responsible for designing, developing, procuring, 

evaluating, managing, and updating certain display components of Air 

Force electronic systems.    Further, it provides engineering services to 

all elements of the Electronic Systems Division within the area on display 

characteristics, human performance, and man-machine relationship prob- 

lems for both present and future Air Force Military Information Systems, 

needs. 

Philosophy 

In general.    The paraphrase of the formal mission statement in the 

preceding paragraph only barely suggests the import of the Decision 

Sciences Laboratory's function for electronic system design technology. 

In its present state of development, the technology is very advanced in 

the production of sophisticated hardware - computers, sensors, and so 

on.    The state-of-the-art is advancing rapidly in developing means by 

which to use this equipment more effectively - in programming computers, 

for instance.    But it is embryonic in its comprehension of how man might 

be used most efficiently in electronic systems - in knowing how man uses 

the information supplied by the system to make decisions, in recognizing 

the implications of decision making behavior on displayed information 

from computers, and in understanding how men and computers interact. 

In particular.    In the Decision Sciences Laboratory, ESD possesses 

a unique professional and technical potential in a most critical part of 

total system design, namely in defining man's part in a system.    Elec- 

tronic systems are merely hardware - impressive, maybe, but little more 

without their users.    Total electronic systems include people.    And man, 



in the chain of related events from observing physical phenomena through 

collecting and analyzing data about them, to choosing one from many 

possible courses of action, is probably the most important link.    He is 

most important in two ways.    (1)   Man has the "last word".    He is the 

agent which must effect the appropriate decision after sensors and 

computers have collected, processed, and presented the data about an 

attacking enemy force.   And that decision may have consequences affect- 

ing the future of civilizations.    (2)   Very little is known about man, or 

about the human element in the pressures of a multi-machine information 

system environment, about man's behavior as he operates such complex 

equipment, evaluates a complex military situation, acts as commander 

and controller, and ultimately makes an involved decision.    These 

functions, along with the most "human" of all man's capabilities - 

improvisation, inventiveness, imagination, can doubtless never be 

duplicated electronically. 

So we must make most efficient usage of this most important part of an 

information system and augment his unique capabilities.    To do this, we 

must learn a great deal more about him than is now known.   What processes 

underlie his very long-term memory for material which would take literally 

millions of binary decisions to describe?   Is man a single-channel infor- 

mation processor?   What data does he use in selecting alternative actions? 

How does he weigh and manipulate these data?    How much data can he be 

expected to evaluate?    How fast?   What form should the data take to be 

most useful to him, and thus the system mission?   The answers to these 

and many similar questions are vital, both in specific, concrete situations 

in the "real world" and in more general theoretical settings, not only so we 

can better use man in military systems, but so we can better understand man 

himself.    The technical program at the Decision Sciences Laboratory is di- 

rected at answering these types of questions about man as the modern mili- 

tary commander, controller, and information processor, and man in his own 

right, so that it can design and develop machines to serve him better. 

Mode of operation.    Finally a word should be said about how the labora- 

tory must proceed in order to accomplish the goals embodied in its philosophy. 



The ability of DSL to make significant contributions to systems, either 

in the design or in the operational stage, is entirely dependent on its 

being involved in research which is in the context of total system design. 

That is, in order that the findings of research might have direct application, 

be useful here and now in information systems, the laboratory must be 

aware of the direction and extent of progress in all the other technological 

areas.    Only by so doing can it direct and advance its own research so as 

to advance the whole state-of-the-art purposefully. 

Background and History 

The history of solving problems arising from man's interacting with 

machines has, of course, been long.    We need not trace it here.    Suffice 

it to say that laboratories, functioning much as DSL does, have an estab- 

lished place throughout the whole range of modern industry.    They are 

usually called human factors departments, experimental psychology labora- 

tories, or human engineering groups, and they all seek more knowledge 

about man's capabilities and limitations when he operates, maintains, and 

derives benefits from machines. 

The Decision Sciences Laboratory has been in existence for nearly 

twenty years under many and various organizations and aliases.    It grew 

out of the Aviation Psychology Program of World War II.    Shortly after the 

war it became a part of the Medical Section of the Strategic Air Command 

at Andrews Air Force Base, Washington, D.  C.    In 1948, it was housed at 

the Naval Research Laboratory, also in Washington, and, as the Human 

Resources Research Laboratory, was responsible directly to Air Force 

Headquarters.    In 1952, it became part of the newly formed Air Research 

and Development Command (now AFSC), and was renamed the Human 

Factors Operational Research Laboratory.    The Research and Development 

Command organized a group of "research centers" located throughout the 

country, and in 1954, it was renamed the Operational Applications Labora- 

tory and attached to the Cambridge Research Center at Hanscom.    Finally, 

in 1961, when the Research and Development Command was renamed the 

Systems Command and reorganized into Systems Divisions, the laboratory 



became part of the Electronic Systems Division, and shortly thereafter 

it assumed its present name, the Decision Sciences Laboratory. 

All this time, DSL's primary mission has been to conduct research 

in human information processing to provide technical support for the 

development and testing of Air Force systems.    Despite name changes, 

the effort has all been in one direction and in line with Air Force 

mission requirements. 
I 

Character of Manpower 

As mentioned earlier, one of the singular features of DSL is the 

stature of the professional capability which is unique in the federal 

service. 

Deqree Number 

4 

Percent 

Bachelor's only 10% 

Bachelor's "plus" 6 15% 

Master's only 1 2% 

Master's "plus" 16 40% 

Ph.D. 13 33% 

40 100% 

At this writing, five of the people working on Ph. D. programs will 

complete them within the year, raising the number with doctorates to 

18 or nearly 50%. 

The number of years of professional experience ranges from two to 

twenty-three, and the average per man is eleven and a half.    The back- 

grounds and interests of the staff members cover almost the whole gamut 

of psychology, except the primarily clinical.    It is worth noting, however, 

that the great weight of experience has been in working with human factors 

problems of primarily military significance. 

The "Automated Laboratory    Facility " 

Since the fall of 1961, DSL has been developing and using what has 

come to be called its "Automated Laboratory Facility".    The nerve center 

is a small, rapidly operating and expandable digital computer which is 



designated the PDP-1 by its manufacturer, the Digital Equipment Corp- 
oration of Maynard, Massachusetts.    This computer is not used merely 

as a data collector, processor and evaluator.    It really has two major 

purposes:    (1)   to increase greatly the efficiency of experimentation in 

terms of time and experimental control and (2) to permit kinds of exper- 

imentation not possible with conventional techniques.    In addition, 

and probably of most immediate importance to the Air Force mission, 

some programming techniques developed specifically as experimentation 

devices evolve as products which are directly applicable to information 

systems. 

Increased efficiency.   The computer increases the efficiency of exper- 

iments in three ways.    (1)   It saves time.    Computer programs, which 

will generate enormous quantities of precisely defined stimulus materials 

in minutes instead of weeks or months, can now be written almost as 

easily as a description of the experimental design.    Programming is 

constantly being functionally modified so that the experimenter needs 

very little specialized knowledge of computers, per se.    (2)   It guarantees 

that specialized equipment, made compatible with the computer, will be 

more reliable and effective apparatus.    Steps are being taken which will 

permit the computer to be used in conjunction with many specialized 

stimulus generation and presentation devices.    It will soon be possible 

for the computer to select, connect, continuously calibrate, maintain,, 

and operate such devices as audio-signal generators, monochromators, 

and other equipment needed to provide stimuli for particular experiments. 

All this can be accomplished in a matter of seconds by the program 

written for the experiment.    This type of control will permit, in time, 

several experimenters to use the same specialized reliable devices con- 

currently instead of reserving them for a single job at a time for the some- 

times long duration of the experiment.    (3)   It conserves manpower.    The 

computer can effect great economy, and also a much higher level of 

standardization, by actually monitoring experiments.    It can instruct sub- 

jects, test their understanding of instructions, present stimuli, record 



responses, and process data.    It thus frees experimenters and assistants 

from the drudgery of collecting data, and allows more time for intellectual 

evaluation and study of the relevance of the results.    It assures perfect 

standardization of conditions, and it does, at least, preliminary data 

processing before the subjects leave the experimental room.    Such 

immediate processing could take the experimenter days or weeks to 

accomplish. 

Increased experiment potential. Few of the features of the "Automated 

Psychological Laboratory" described above permit very much really new 

at the present time.    Taken together, however, they now greatly speed 

the research process, making results available in a fraction of the time 

taken up by conventional methods, allowing the design and completion 

of experiments, heretofore prohibited by complexity, and signalling the 

entrance of "blind alleys" before really significant effort has been ex- 

pended in their direction.    The real "breakthrough" realized by using 

these new techniques is not nearly so obvious, or so simple to illustrate, 

but its nature can be indicated.    An experimental design need not be 

nearly so detailed as it formerly had to be.    Stimulus values need not be 

exactly specified before the data are collected, and the exact amount of 

data to be collected can be "played by ear" because statistical evalu- 

ation of the adequacy of the data can be carried on almost simultaneous 

with the evaluation of data.    Experiments themselves can be dynamic: 

the character of the next stimulus presentation can be made to be a 

function of the sequence of responses preceding it.    In a decision 

making study, for example, it might well be desirable to play a two- 

sided "game" in which the subject's decision determines what sort of 

information about an attacking enemy force must be displayed to him 

next.    Flexibility in experimental design and a dynamic experimental 

procedure then, are the two features afforded by the computer which 

greatly increase DSL's potential at the present time. 



PROJECTS 

DSL's professional staff identify and define the problems to be 

solved, by examining both current and future operational needs of the 

Air Force.    These are embodied in Technical Development Objectives 

(TDO's) which specify the entire range of operational requirements.    The 

laboratory searches those areas likely to be significant for reliable infor- 

mation systems development - areas such as Human Performance, Computer 

and Information Processing Techniques, Intelligence Techniques, and 

Communications.    As the outline of mission requirements states, the pro- 

cedure is to analyze from the TDO's implications for man-machine inte- 

gration, and to identify critical gaps in the knowledge about human per- 

formance which are brought to light.    Once a gap is identified, the prob- 

lem of filling it is attacked through an exploratory development project 

which is directed by one of the division chiefs.    This scientist is respon- 

sible for initiating the project - for justifying it in terms of Air Force needs, 

for specifying the objectives and the approach, for subdividing it into a 

number of workable tasks, for estimating cost and manpower requirements, 

and for obtaining ESD approval for its exploitation.    Then the scientist is 

responsible for its general administration, and for documenting its progress 

in terms of solution of the ow^H problem. 

Project Titles 

DSL has for some time been pursuing three projects and one task which 

is part of a project managed by another activity.    These are (1)   Project 

7682:    "Man-Computer Information Processing",    (2)   Project 2806: 

"Dynamic Man-Computer Interaction",  (3)   Project 2808:    "Psychoacoustic 

Standards in Voice Communication System Evaluation", and (4)   Task 

469003:    "Human Information Processing"   (under Project 4690:    "Infor- 

mation Processing in Command and Control"). 

Nature of the Projects 

Each project embraces an area approaching a main branch of the science; 

even the tasks into which each is divided are major efforts, and are further 



broken down into a number of related studies and experiments.    One 
experiment leads logically to another.    The projects, therefore,have 

no completion dates; they are continuing in nature.    Occasionally, as 

new fields of inquiry are opened, a new project will be split off from 

an old one, or as tasks progress toward completion, several projects 

will be incorporated into one, as when "Man-Computer Information 

Processing" was recently realigned to incorporate four other projects. 

The projects themselves do not mutually exclude one another, and 

much of the experimental work is directly relevant to more than one 

project, all of which are directed toward the specification of human 

behavior.    Studies of human information processing, for instance, are 

of great importance to all the projects.    The projects do not represent 

the whole continuum of psychological inquiry.    As mentioned above, 

they are designed to fill system needs which are evaluated as being 

pressing.    So by its nature the total research effort cannot possibly 

be exhaustive. 

Each project has had a rather long history during which it has in- 

corporated some tasks and concluded others.    As implied, there are 

tasks under particular projects which quite logically could be justi- 

fied as being part of another.    For this reason, the following section 

on progress is organized into research areas which will be more 

meaningful and cohesive to readers not completely acquainted with 

the projects.    The purpose of including this section is to indicate 

more concretely the direction DSL's work is taking, and to list some 

results realized under the current projects for the record. 



BIENNIAL PROGRESS 

The labor represented by DSL's total output over the last two years 

(July 1962 through June 1964) can be conveniently divided into five 

areas.    Studies have been made of (1) data presentation and display, 

(2) learning, problem solving and decision making,  (3) programmed 

teaching and automated training,  (4) communications and (5) applications, 

that is, studies and consultations done in direct technical support of a 

planned or existing system.    In this section, a description of each of 

these areas appears.    It is followed by a bibliography of papers and 

reports, having meaning for the area, completed during the two year 

period. 

Most of the entries in the bibliography have been given ESD Technical 

Documentary Report (TDR) numbers:   a report is assigned a number if it is 

published either as a TDR, or as an article in a journal or other profes- 

sional publication.    The entries that do not have TDR numbers are un- 

published papers which were read at professional meetings.    Several 

entries, which apply to two areas, are included in the two sections of 

the bibliography to which they apply.    The bibliography is designed as 

a listing of research carried on since the publication of Bibliography of 

Human Factors Research with Abstracts,  1954 through 1962, (ESD-TDR- 

63-603). 

Data Presentation and Display 

Because the reliability of any semi-automated information system 

depends so heavily on the man involved, it is necessary to describe 

and measure man's characteristic information processing behavior as 

precisely and completely as possible. Such behavior is the result of 

a number of closely related processes which have been intentionally 

isolated from one another, to as great an extent as possible, so that 

they can be measured individually. One such process is the manner by 

which man perceives and stores information. 

Objective.   The purpose of studies in data presentation and display, 

then, is to quantify the variables which affect perception and memory so 

10 



that it will be possible to specify the particular display features most 

useful to the human user in a particular information processing task. 

For example, DSL seeks to be able to specify what sizes, colors, and 

shapes of symbols, letters, numbers and other coding techniques are 

best for transmitting data, and what kinds and amounts of data to pre- 

sent so that man can transform them into meaningful information effec- 

tively. 

Approach.   The approach to studies of perception generally involves 

manipulating quantifiable display characteristics, and measuring the 

effect of such manipulations on man's ability to detect or identify 

signals.    The display characteristics which have been studied are of 

many sorts, both auditory and visual.    The approach is complicated by 

the fact that it is extremely difficult to say where man's perception of 

data stops and his processing of them begins.   With the introduction of 

increasingly complex displays, the approach will be extended in scope 

to include the increasingly complex effect of "display interpretability", 

which in this context refers to consolidating, integrating, and evalu- 

ating information, and not simply to detection, or the legibility of the 

display itself. 

Progress.  Summaries of some of the research efforts will afford some 

idea of the amount of work accomplished in the area of data presentation 

and display, and also indicate the diversity of such investigations. 

(1) Accuracy and confidence in identifying the unmarked destination 

of several moving radar blips (targets) decreased as the size of the 

destination area on the scope was decreased.   When targets disappeared 

for several display sweeps and then reappeared, identification of the 

correct destination was delayed more than when a target simply did not 

move for several sweeps or when other targets were present that followed 

courses in direction other than the destination.    Maintaining the positions 

of targets (trails) on previous moves greatly improved accuracy. 

(2) A study has shown that the effect of removing a narrow band of 

color from white light (daylight ) causes the eye to be more sensitive to 

the removed band.    Results indicate that there is more rapid detection of 
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signals when the target color matches that filtered from the room 

illumination. 

(3) A study was carried on investigating the possibility of utilizing 

some aspects of shape as a coding dimension.    Task difficulty was manip- 

ulated by varying the degree of tilt of each form from a standard, and by 

varying the possible number of tilt positions a form could assume.    Results 

indicate that for most forms, e.g. , circles, squares, etc. , percent correct 

identification decreased as difficulty increased, although the absolute 

number of correct judgments increased. 

(4) When accuracy of information processing was compared in situa- 

tions involving presentation of simple information to a single modality 

(the ear or the eye) with that involving presentation of similar information 

to two modalities either successively or simultaneously, the following 

were indicated:    (1)  Processing is more accurate when information is 

presented to two modalities; (2) Processing is more accurate when the 

information is presented successively to two modalities than when it 

is presented simultaneously;  (3) Accuracy is inversely related to pre- 

sentation rate and message length, regardless of the manner of pre- 

sentation. 

(5) Evaluation of three reference backgrounds in which three dimen- 

sional space is reduced to two dimensional representation revealed that 

all yield significant increases in viewing time and error rate as either the 

number of vehicles or the number of orbits per vehicle increases. 

(6) It was learned that the binocular field of search in human subjects 

is ovaloid in shape, with the longer axis horizontal, and with the center 

lying above the center of the search field.    The field expands in area as 

a function of exposure time.    There are frequent irregularities in shape. 
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Learning, Decision-Making and Problem Solving 

Obviously information is displayed for a purpose, and it is man's 

task to realize the purpose and process such information accordingly. 

What happens after a man detects the display information with his senses? 

Initially he must store the information in such a manner that at some point 

later in time he can retrieve it.    Can the behavioral sciences enhance 

these processes, that is the processes of storage and retrieval, so that 

such information will be readily available at the time when a problem 

must be solved or a decision made?    Lumped together here are questions 

the many answers to which are only barely tentative, and in attempting 

to arrive at valid answers, human factors scientists are investigating 

extremely complex intellectual processes.    The vast amount of scientific 

research literature focused on such questions does not in all cases apply 

explicitly to information system problems.    Typically,  such problems are 

extremely complex.    The research, therefore, must tease out seemingly 

minor and unimportant bits of knowldge, which eventually can be inte- 

grated and allow explicit answers in complex situations.    Ultimately we 

must be able to answer the question,    "What is the most effective method 

by which man can process information, and make decisions in a dynamic, 

time constrained, multiple-choice situation, in which the task is vital, 

and the environment stressful?" 

Objective.    The DSL objective within this general problem area is the 

investigation of the particular aspects of man's information processing 

behavior which should be at optimum level in a man-computer, infor- 

mation and communication situation.    As in the data presentation studies, 

the problem is to specify and quantify adequately the myriad of variables 

which could conceivably affect man as he stores information, solves 

problems and makes decisions, especially while under pressure or stress. 

The problem is further complicated by the fact that information and commu- 

nication functions typically involve a number of people, so the intricacies 

of group interaction must be brought under study as well. 

Approach. Attempts are being made to simulate the complex conditions 



described previously so that experimental studies can be made of the 

relevant variables leading to the most effective dynamic decision- 

making.    The many variables such as the experience and training levels 

of the operating personnel, levels of complexity of the tactical situation, 

various levels of work load, amount of pertinent information which must 

be accessible, and uncertainty of the action outcome, must be manipulated 

to specify optimum values. 

Progress.    A number of methods, techniques, and experimental designs 

have been formulated to provide the best possible interface between men 

and their computer-centered environments.    Further, a number of studies 

have been completed in an attempt to specify the variables of influence. 

Summaries of some of the work are presented below. 

(1) In a series of studies,the characteristics and limitations of the 

learning process involved in the immediate retrieval of random information 

were examined using long series of unrelated words as stimuli.    The results 

indicate the following: (1)   As the length of the series is increased, the 

absolute number of words retrieved increased, on the other hand, the 

percent retrieved was about the same for all series lengths.    (2)   Memory 

for material presented in series can be enhanced by presenting the material 

in clusters, such as pairs, or quadruples, rather than singly and suc- 

cessively.    (3)   By manipulation of the number and size of identifiable word 

classes, e.g. , animals, verbal memory is enhanced.    (4)   Adding novel 

type material to typical series of material will increase the amount of recall. 

(5)   The Sensory mode or modes of material presentation will affect recall. 

(2) Two methods of aiding humans in problem-solving have been devel- 

oped which have been shown to enhance problem-solving measurably.    One 

method involves the coding of relevant information, the other specific 

groupings of information.    It was also found that under certain circumstances 

sub-goals may actually impede problem-solving performance. 

(3) Since a large class of problems may be represented as verbal mazes, 

an investigation of verbal maze solution appeared to provide information 

basic to the general study of problem-solving.    In this study, verbal mazes 
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were designated by lists of paired words, or associates.    Each associate 

defined a connection between two points in the maze.    Solution was 

carried out without the aid of pencil and paper or other visual aid.    Both 

the length of the solution path and the extent of branching in the maze 

are shown to influence problem-solving behavior.    Both results have 

implications for models of the solution process. 

(4) Several experiments have successfully utilized rating scales or 

measurement techniques by means of which individual decision makers 

provide additional information beyond their mere choice of alternatives 

in arriving at a decision.    Such information proves to be an important 

adjunct in evaluating their decision-making performance. 

(5) A study concerned with the effect of interoperator interaction 

patterns upon group performance in problem-solving tasks was carried 

out.    Matrix representations of interaction structures provided indices 

for ordering tasks along several dimensions.    To determine the relevance 

of the theoretical measures to actual group performance, four-man groups 

were timed in cooperative problem-solving tasks.    Nine groups were given 

seven trials on each of nine basic types of problems, each requiring a 

different interaction structure.    Significant results from statistical analyses 

indicate the relevance of the theoretical classification scheme for measure- 

ment of actual group problem-solving performance. 

(6) A study related to the previous investigation indicated:    (1)   that 

problems requiring reaction to environmental changes are more quickly 

solved under a shared responsibility condition; (2) that problems involving 

coordination of action among operators are more efficiently solved with a 

competent centralized authority.    Designation of a low aptitude group 

member as leader produced inferior performance. 

(7) Differential effects of speed stress were sought in a complex task 

including five information processing activities differing in:    (1)   Spatial 

and temporal   uncertainty of events requiring response.    (2)   Location in 

display channels varying in frequency of occurrence of response events. 

(3)   Short-term memory requirements.    (4)   Perceptual requirements in 
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event recognition.    Highly practiced individuals were found to have 

evolved a priority strategy based primarily on frequency of response 

events in different display locations.    High frequency tasks, not re- 

quiring search, were relatively impervious to stress effects.    Lower 

frequency events, occurring in low priority display locations, gave 

rise to poorer performance at all levels of stress.    Significant per- 

formance decrement under stress occurred first in the most complex 

low probability task which required search and short-term memory. 

(8) A computer simulation model has been developed for use in 

estimating the effectiveness of the human component in man-machine 

systems with varying task requirements.   An operating computer pro- 

gram simulates a hypothetical warehouse inventory problem in which 

a small team of operators has the task of maintaining certain levels 

of inventory. 

(9) A second computer model has been developed in an effort to 

simulate certain aspects of group behavior.    The elements of the 

model include a continually fluctuating environment, a set of action 

agents (sensors and effectors) to operate on it, and a decision agent 

with the responsibility of maintaining the environment in an optimal 

steady state by deploying the sensor and effector agents in a way to 

best counteract the tendency of the environment to deteriorate over 

time.    The focus of interest is the steady state condition of the en- 

vironment as a function of interaction between such parameters as 

the following:    (1)   the change characteristic of the environment; 

(2)   the reliability of the sensing agents;    (3) the precision and 

activity level of the effector agents;  (4) information delay within 

sensor-effector communication link; (5)   decision rules with respect 

to the assignment of sensors and effectors to environmental regions. 
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Programmed Teaching and Automated Training 

The rapid advance of automation in information systems has introduced 

what might be termed "training dilemma".    The problem is that otherwise 

occupied commanders, controllers, operators, and maintenance personnel 

must perform guite complex intellectual and perceptual tasks which are 

both time consuming and difficult to learn. 

Objective.   By way of working toward a solution, DSL has instituted 

a vigorous effort in programmed teaching and automated training research. 

It is attempting to provide the kind of on-site training materials necessary 

for establishing and maintaining proficiency in the human users of sophis- 

ticated electronic eguipment.    But the need for devices which expedite the 

learning process does not end with computer operators.    People in many 

jobs requiring the performance of complex tasks or involved decision making 

can benefit from automated training.    Programmed teaching courses, for 

example, have been developed for teaching managerial techniques such as 

PERT, described below. 

Approach.    Because the need is pressing, the research is being carried 

on throughout the whole continuum of DSL's mission effort, that is, in 

exploratory and advanced development, in special tests and studies, and 

in direct support of planned and existing systems of many types.    Although 

the training courses are different, some employ computers and some do not; 

and although their methods differ widely, they all have much in common. 

All are tutorial courses which either consist of computer programs allowing 

the operational computer to be used as a teaching machine, or they consist 

of textbooks, and all are designed to minimize the need for a human teacher. 

All teach, test learning, reteach if necessary, and maintain the learning at 

a level required by the job. 

Progress. 

(1)   One of DSL's contributions which is quite significant,and at the same 

time illustrative of an automated teaching course, is the course used to 

teach the PERT management technique.    PERT (Program Evaluation Review 

Technique) is a management tool, now widely in use throughout the 
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Department of Defense and in industry, which is designed to aid high 

level managers make decisions about the progress of a program more 

efficiently.    It is a complicated technique, and one requiring consid- 

erable time to learn; time, managers can ill afford to spend.    DSL de- 

veloped an automated training course called PERTeach which permits 

the manager to learn the new technique at his own rate.    He can spend 

as much time in learning at one sitting as his other duties will allow, 

thus saving him from the necessity of attending a lengthy lecture course. 

The PERTeach course consists of six volumes, and leads the learner, by 

very judiciously selected increments, to the learning goal.    It constantly 

requires him to answer questions about what he has learned, and antic- 

ipates, analyzes and corrects mistakes.    The theory is that such a pro- 

cess will save time in the long run by preventing the learner from forming 

misconceptions about essential points, misconceptions which would 

block the ultimate learning goal.    PERTeach is the follow-up to an experi- 

mental course which was successfully field-tested in 1962-63, and sub- 

sequently adopted for use in the Department of Defense PERT Orientation 

and Training Center.    The significance of PERTeach lies in the fact that 

the theories of learning involved can be generalized to apply to the de- 

velopment of future automated training courses. 

(2)   Other significant work done in the field by the laboratory includes 

development of a computer-directed tutorial program for use in "computerized" 

information systems, a definition of automated training requirements for 

future information systems, and an automated training technique in man- 

computer communication which is being tested on the staff of System 47 3L 

the Air Force Control System. 
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Communications 

Communication here refers to the transmission of any information 

from man-to-man, man-to-machine, or machine-to-man.    In other words, 

the concern here is with at least two different kinds of communication: 

voice communication, and communication between men and computers. 

The objective of an information system is to facilitate operational decisions 

by Air Force personnel.    Information transmitted through such systems be- 

comes useful only when it is presented to human beings for interpretation 

and action.    Applied research on human communication aims to determine 

the limitations and capabilities of sensory-perceptual processes through 

which information is received by the individual, to identify the significant 

physical characteristics of information-bearing signals with respect to 

their psychological conseguences and to apply this knowledge to the 

specific requirements of Air Force information systems.    Air Force oper- 

ations have depended to a critical degree on information transmitted in 

the form of human speech and presented acoustically to the human re- 

ceiver.    However, information requirements are exceeding the current 

capabilities of direct talker-listener channels; computerized systems are 

able to transmit, process, and display far more information than human 

operators can assimilate through the customary visual and auditory channels. 

There is an acute need, in the case of voice communication to make most 

efficient use of human speech and auditory perception.    Further, there is 

an equally acute need to exploit the communicatory potential of computers. 

The computer, potentially, can be the mainstay of the commander in 

military information systems.    Yet, the computer will be of little use in the 

decision making process, if it yields or accepts information slowly or in a 

form hardly useable by man.    It is an obvious necessity for effective ad- 

vanced information systems that communication between the commander and 

the computer be made maximally efficient.    The communicating language 

should be one which provides maximum flexibility and speed but does not 

require the constant mediation of a professional programmer.    It is further 

necessary that the data files of the computer be capable of being updated 
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rapidly and simply whether information is being fed into storage from one 

source or a number of sources simultaneously. 

Objectives.    The objective of the voice communication research is 

to identify and describe the features of auditory signals which can be 

most effectively utilized for rapid, efficient and unambiguous communi- 

cation among operators and decision-makers in information and communi- 

cation systems.    The end-products anticipated are knowledge about the 

prediction capability for the effects of language and system variables on 

speech transmission, and the value of extra-intelligibility information con- 

tained in the human voice. 

The objective of the research in the area of man-computer communi- 

cation is the development of techniques for permitting real-time interaction 

between command decision personnel, as an integral part of the information 

system, and the computer components. 

Approaches.   The approach in voice communication has involved 

examinations of the effect of electrical and acoustical system character- 

istics and of message structure on the human receiver's ability to extract 

meaningful information from speech signals, and refinement of techniques 

for measuring intelligibility.    Further research is directed at the deter- 

mination of the communicatory value of non-speech information contained 

in spoken messages, such as cues by which listeners judge the identity 

and emotional state of talkers independently of verbal message content. 

Two general lines of attack are being pursued to achieve the goal of 

faster and more flexible communication between command decision person- 

nel and the computer:    (1)   the development of programming techniques to 

permit the use of natural English in retrieving information from computer 

storage; and (2) the development of programming techniques and equipment 

to permit sharing of computer time among several human communicators. 

Progress.   Most Air Force communication operations depend on voice 

communication, e.g. , radio or telephone systems.    Background noise and 

noise within the system itself can severely hamper communication and thus 

curtail vital operations.    There have been several efforts made to minimize 
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the problem, some of which are summarized below. 

(1) One has been the investigation of the intelligibility of English 

language sounds under various conditions of noise competition.    A 

recent series of studies was designed to evaluate a set of words be- 

longing to an identifiable category to serve as aircraft call signs in 

Air Traffic Control Central (VOLSCAN).    The words were tested as a 

function of certain phonetic and linguistic criteria such as frequency 

of occurrence in the language, syllabic length, and phonetic structure. 

From such experimentation, a set of call signs was evolved which 

minimized ambiguity and confusion. 

(2) A simple, valid and reliable talker-listener test (Rhyme Test) 

has been developed as a means of evaluating communications subsystems. 

The talker transmits a word through the system, and the listener indicates 

what word, from a list of rhymed words, he understood as being trans- 

mitted.    The answer sheets are self-scoring, and provide a diagnosis of 

system deficiencies as well as an assessment of speech handling capacity. 

The entire process takes but five minutes to administer -- a considerable 

reduction from the time taken by earlier tests, and with greater reliability. 

(3) A speech communication index meter has also been developed and 

tested.    It is coupled electrically to the system being evaluated.    In its 

present form, it is capable of giving an index of system communication 

performance in approximately three minutes.    Neither this device nor the 

test described above requires specialized training to use. 

(4) One of the most significant undertakings at DSL in the field of man- 

computer communications is the work being done on adapting the computer to 

respond to queries in "natural" English as opposed to cryptic computer lan- 

guage.    It must be realized here, that such research is at a very early stage 

of development, but that it is receiving a great deal of attention from many 

military agencies, private corporations, and universities.    The laboratory is 

concentrating on making it possible to retrieve English sentences from a data 

file in order of relevance or potential relevance to the question.    A recent 

study has resulted in a procedure for sentence retrieval in response to question 
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of the form "What do you know about Soviet, Missiles, Mongolian, 

Border?"   The ability of the computer to identify potentially relevant 

messages depends on a syntax-free associative network, rather than on 

a pre-compiled thesaurus.    Thus, a message about "large liquid oxygen 

shipments to Southern Siberia" would be identified by the computer as 

potentially relevant to the question above, although there are no synonyms 

or words in common in both question and message. 

We are a very long way from actually being able to give voice messages 

to a computer and receiving them from it, but exploratory development is 

proceeding along lines intended to lead to just such an accomplishment. 

The problem of making the computer "understand", transform sound 

patterns into electrical signals needed to trigger a response, talkers with 

radically different speech habits has not yet been quantitatively defined; 

there is a lack of knowledge about the physical and psychophysical ways 

in which talker behavior varies.    So the present work is aimed at identifying 

the physical and behavioral parameters differentiating individual talkers, 

and establishing the range of variation for male talkers. 

(5) Some progress has been attained in programming for independent 

operation of two CRT's connected to the computer. Complete analysis of 

the requirements for extensive operator time-sharing has been completed, 

however, programming techniques cannot be developed further until addi- 

tional computer components are delivered. 
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Applications 

The work and products listed here are the tangible results of DSL's 

labor - in the form of knowledge put-to-use.   Applications are at the 

opposite end of the mission effort continuum from exploratory and ad- 

vanced development projects.    They are based on both the results of 

research and the special competence of the personnel engaged in such 

research. 

Objective.    The aim of this effort is applying the principles and 

techniques developed to systems and situations in the "real world". 

Approach.    Most of the items included here have been mentioned in 

other connections earlier, but all of them involve direct system support 

work.    This work includes such things as insuring that operator functions 

are appropriately allocated, designing equipment for human use, desig- 

nating personnel and training requirements, programming instruction, 

and testing and evaluating personnel subsystems.    Some of the work is 

of a consultative nature, in addition to experimentation, but it includes 

some development of "hardware" (such as the Speech Communication 

System Index Meter), and "software" such as the PERTeach course and 

the Rhyme Test, described earlier. 

Progress.   A brief description of some of the direct applications 

work follows: 

(1) Two studies of display were implemented when SPO and operational 

personnel called Decision Sciences Laboratory in as consultants.    One was 

done in connection with SPADATS (Space Detection and Tracking System), 

and another in connection with System 425L - the North American Air Defense 

Combat Operations Center.    The problem at SPADATS was to decide what 

kind of map projection, e.g. , mercator, gnomonic, should be used to dis- 

play given kinds of satellite track information (orbit declination, number of 

orbits and tracks).    On the basis of extensive experimentation with observ- 

ers trained in using the display, DSL was able to make meaningful recom- 

mendations. 

(2) NORAD called on the laboratory to evaluate a proposed scheme of 
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colors and finishes to be used in their command and control center.    The 

laboratory was to insure that various established psycho-physical criteria, 

such as reflection from scope faces and the effect of colors, would be met. 

Studies directly relevant to these problems had been made earlier, so DSL 

was able to make immediate recommendations on lighting, colors, finishes, 

and on the use of an implosion screen for a cathode ray tube display scope 

designed to increase character legibility and reduce reflection. 

(3)   The following is a partial list of other contributions which are not 

described or embodied in the Technical Documentary Reports, but which are 

nonetheless direct applications to "real world" problems:    (1)   A study of 

and specifications for the Strategic Air Command Intelligence Display 

System. (2)   Consultations to Lincoln Laboratory in the design and 

use of an implicit programming technique for data analysis and manipulation. 

(3)   An evaluation of electroluminescent screens for displaying weather 

information at different locations around a base.    (4)   Development of 

weather forecaster screening techniques.    (5)   Consultations to the Air 

Training Command in planning a division to be concerned with designing new 

instructional systems.    (6)   A study of personnel hazards, auditory in nature, 

in communication centers of 482L.    (7)   A study anticipating display prob- 

lems for air traffic control after 1970.    (8)   Participation in the advanced 

planning for the future Manned Orbital Laboratory. 
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FUTURE PROGRAMS 

By way of conclusion, a word should be said about the nature of 

future work as suggested by the research now in progress and by the needs 

of the Air Force. 

Data Presentation and Display 

Studies of display characteristics will continue along familiar, but 

possibly more complex lines.    As before, the method of inquiry will 

center around manipulating display characterists and observing the effect 

on human information processing behavior.    But it is likely that future work 

will involve more and more complex displays as information systems become 

even vaster.    The corresponding increased complexity of human response 

will dictate that the study of displays per se be extended to include more 

study of how man interprets and processes data to reach conclusions.    The 

idea that man is a passive receptor of impressions is assumed only in an 

attempt to isolate as many variables as possible.    Actually, data on a dis- 

play board are only that, until man apprehends them, uses them, makes 

information out of it.    To do so, he must make an active effort to perceive, 

and that effort is entirely dependent on the motivation, attitudes, feelings, 

intelligence, biases, and so on, and these are the essence of his human- 

ness.    So, the future for data presentation studies will be to examine data 

less and man more; to understand why, how, and under what conditions he 

can make meaningful information out of only potentially meaningful facts and 

figures. 

Learning and Problem Solving, Decision Making 

In these three very broad and interrelated areas of inquiry about which 

so little is known, predictions for the future must remain in the most gen- 

eral terms.    DSL will continue, as in the past, to define and describe the 

mechanisms by which men solve problems.    Past work, for the most part, 

has involved only very simple problems in an attempt to control and limit 

extraneous variables from confounding measurements.    As more is learned, 

though, the complexity of problem structure will be gradually increased. 

Studies of the kind of decision making peculiar to the stress-filled infor- 
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mation systems environment will certainly continue to be more and more 

fruitful as DSL, with the aid of its computer, builds up its facility to 

simulate rapidly changing conditions, and to isolate and manipulate the 

many variables present in such an environment.    Through experimental 

work, DSL will continue as it has in the past to investigate and evaluate 

decision theory as well as to bring to light reliable information on man's 

data processing capabilities.    Promising techniques for designing mach- 

ines for their human users have already been developed.    Decision making 

studies at DSL will undoubtedly lead to even more promising products than 

have as yet been developed. 

Programmed Teaching and Automated Training 

The "training dilemma" arising from the demanding nature of information 

systems staff jobs is far from being solved.    As automation increases,  so 

will the need to train technicians and once trained, to keep them proficient. 

Although DSL has already contributed significantly to relieving the need, 

more and better techniques will certainly be demanded of it in the future. 

More specifically, the long term goals include designating the principles 

to be incorporated in the design of programmed instruction subsystems, 

augmenting the technology to be used in developing programmed teaching 

courses themselves, and making concentrated efforts to develop training 

courses for decision making and man-computer communication tasks. 

Perhaps the unknown quantity which looms largest is the Air Force's 

future implicitly programmed systems.    Efforts will be made to explore 

some of the training problems anticipated for the time when the Air Force 

begins employing this new programming technique in its information systems. 

Communications 

The vital contributions to assessing and maintaining voice communi- 

cation systems will continue.    In the near future, the present techniques 

will be perfected.    When standardization and diagnostic evaluation of the 

talker-listener test is completed, it, the test, will be organized in the form 

of a preliminary technical manual for field use - probably by the end of FY65. 

Upon completion of the laboratory tests, the Speech Communication Index 

41 



Meter will be tested operationally in working systems in the field.    The 

operational test will probably be completed in FY67. 

Communication or information transfer between man and computer in 

"natural" English is, as was noted, in its infancy, and where to begin the 

work toward providing such a capability is not the least of the problems. 

At any rate, DSL has set some modest but well defined and feasible goals 

for completion in the foreseeable future.    The laboratory intends to develop 

methods and materials for comparing the means of retrieving sentences from 

computers, and then, in fact, to compare them in terms of the effectiveness 

of each.    The means are two:   retrieval by using an associative network, and 

retrieval by using a fixed index or pre-compiled thesaurus.    At the same 

time, work toward establishing the range of variation for male talkers will 

continue with an eye to being able, ultimately, to tap computer data files 

with spoken gueries.    Experiments to compare three promising techniques 

for establishing the range are now being conducted, and one technique 

will be chosen to use in working toward the goal.    Studies in these two 

areas will provide indispensible ground work for programming computers to 

"understand" man in his own language. 

Applications 

It is inappropriate to outline any future programs or plans in the 

applications area.    Applications will depend almost entirely on the re- 

sults of the research outlined previously, and on the needs and require- 

ments of future Air Force information systems.    So, as research is com- 

pleted and Air Force requirements become known, scientists working in 

the area will attempt judiciously to integrate the two, i. e. , the results 

and the requirements. 
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